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Jets in Hadron Collisions are very
complicated with along learning
curve. Probably worse in RHI
physics. Hard scattering Is better
learned with single particle and few
particle correlation measurements.
The main advantage of jetsisrate
at large py
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In 1998 at the QCD workshop in Paris, Rolf Baier asked me
whether jets could be measured in Au+Au collisions because he
had a prediction of a QCD medium-effect on colored partonsin a
hot-dense-medium with lots of unscreened color charge.

« Asthe expected energy in atypical jet cone R=4/(An)?+(A¢)>
ISt R?x1/ 25t X dE/dn= R%/2 x dE{/dn ~ 300 GeV for R=1 at

Vs =200 GeV where the maximum Jet energy is 100 GeV, Jets
can not be reconstructed in Au+Au central collisions at RHIC.

For LHC Morsch (HP2006) gives ~ 1500 GeV for R=1 at
Vs =5500 GeV, afactor of 5 increase, recent predictions
[PHENIX PRC71(2005)034908, Busza nucl-ex/0410035] give a
ratio aslow as 2 compared to RHIC.

—
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PHENIX and E802 E; Transverse Energy corr to An=1 and A®=2nw
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E/Jets/hard-scattering
L essons from
|SR/IFNAL/SPS
or why nobody of a
certain age believes
“proof by Monte Carlo”

[e.g. see M. D. Corcoran, Phys. Rev. D32 (1985)592-603]
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' The discovery that the DIS structure function

B(Q@w) = P (1)

“SCALED?” ie just depended on the ratio
QQ
2
oMy 2)
independently of Q* (~ 1/7?)

as originally suggested by Bjorken phys. Rev. 179, 1547 (1969)

\ Led to the concept of a proton composed of point-like

2
partons. Phys Rev. 185, 1975 (1969) y=
2MXx

Jf f—

O The probability for a parton to carry a fraction x
of the proton’s momentum is measured by Fy(x)

P(F* Office of A =
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S.M.Berman, J.D.Bjorken and J.B.Kogut, Phys. Rev. D4, 3388 (1971)

* BBK calculated for p+p collisions, the inclusive reaction
A+B —C + X when particle C hasp,>> 1 GeV/c

The charged partons of DIS must scatter electromagnetically “ which may be
viewed as a lower bound on thereal cross section at large p;.”

cmé Secondary Particle Distributions
For 8. .= 90° pp Collision At $=800 Gev?
FINAL - STATE L
INTERACTION
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S.M.Berman, J.D.Bjorken and J.B.Kogut, Phys. Rev. D4, 3388 (1971)

* BBK calculated for p+p collisions, the inclusive reaction
A+B —C + X when particle C hasp,>> 1 GeV/c

The charged partons of DIS must scatter electromagnetically “ which may be
viewed as a lower bound on thereal cross section at large p;.”
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INVARIANT CROSS SECTIONS
FOR pop == 1%+ ANYTHING

1.3 ruusmnszsmmw _ FW BUSSGI‘, et al,
e ve a0 | CERN, Columbia, Rockefeller
1 Collaboration
62 1 Phys. Lett. 46B, 471 (1973)
% { Bj scaling — BBK scaling
i i s d‘gO' 1 PT
- o1 bE—s = 7F (—)

- 9T breaks to a power law at high p; with characteristic v's dependence
o Large rate indicates that partons interact strongly (>> EM) with other.
Datafollow BBK scaling but with n=8!, not n=4 as expected for QED

——
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Berman, Bjorken, Kogut, PRD4, 3388 (1971)

A SCALING OF THE INCLUSIVE n? CROSS SECTIOM d3 1
AT LARGE TRANSVERSE MOMEMTA

s : g P
X ] E— — —F(—T)

oy %ij L% § dp®  pp /s
.F o X:=2p/Vs

o By h‘f"}' * l n=4 for QED or vector gluon
}( HF L*r n=8 for quark-meson
| | - I''1 scattering by the exchange

ST R T T ulapiflﬁmi o Of aquark

CIM-Blankenbecler, Brodsky, Gunion,

Phys.Lett.42B,461(1972)
- T
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D. Antreasyan, J. Cronin, et al., PRL 38, 112 (1977)

ID“EEE — 1 1 1 T T 3F T T 1T T T T 3 10726
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Beautiful x; scaling at all 3 fixed target energies with n=8
Totally Misleading--Not CIM or QCD but k+
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CCORA.L.S. Angdlis, et d,
Phys.Lett. 79B, 505 (1978)

Seeadso A.G. Clark, et d
Phys.Lett 74B, 267 (1978)

* Agrees with CCR, CCRS (Busser)
datafor p; <7 GeV/c.
* Disagrees with CCRSfit pT > 7 GeV/c
* New fitis:;
O Ed3c /dp® o= p7 12041 — gy 1212086
7.0 < pr < 14.0 GeV /e,

53.1 < /s <624 GeV
(including all systematic errors).
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QCD: Cahalan, Geer, Kogut, Susskind,
PRD11, 1199 (1975)
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4 VI, £307, VE, 2531
VR, =531, VI, 2624,
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' Hard-scattering was visible both at ISR and FNAL (Fixed Tar-
get) energies by single particle inclusive at large pp > 2-3 GeV/c.

\/ bealing and dimensional arguments for plotting data revealed
the systematics and underlying physics.

v 'The theorists had the basic underlying physics correct; but
many (inconvenient) details remained to be worked out, several by
experiment.

kp, the transverse momentum imbalance of outgoing partons
(due to initial state radiation), was discovered by experiment.

K. 1Iswhat made n=4** — n=8

r("* Office of - =
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\/ The first modern QCID calculations and predictions for high
pr single particle inclusive cross sections, including non-scaling and
initial state radiation was done in 1978, by Jeft Owens.

J. F. Owens, E. Reya, M. Gluck
Phys. Rev. D18, 1501 (1978)
Detailed quantum-chromodynamic predictions for
high-pr processes

J. F. Owens and J. D. Kimel
Phys. Rev. D18, 3313 (1978)
Parton-transverse-momentum effects and the
quantum-chromodynamic description of high-pp
processes

\ Jets in 47 Calorimeters at ISR energies or lower invisible below

Vs ~ Ep <25 GeV.
' A ‘phase change’ in belief in Jets with UAZ event at 1982 ICHEP

in Paris.
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QCD

 Incredibly at the famous Snowmass conference in
July 1982, many if not most people were skeptical

The International HEP conference in Paris, three
weeks later, changed everything.
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* 1n 1972-73, soon after hard-scattering was discovered in p-p
collisions, Bjorken PRD8 (1973) 4098 and Willis (ISABELLE
Physics Prospects-BNL-17522) proposed 4w hadron calorimeters
to search for jets from fragmentation of scattered partons with
large p; realizing that a substantial increase in rate would be
expected in measuring the entire jet at agiven p; rather than just
the leading fragment. (Bjorken’s parent-child effect)

* It took until 1980 to get afull azimuth An~%0.88 (A@~x45°)
calorimeter but meanwhile experiments were done with smaller
back-to-back calorimeters each with aperture Ad~+45°
An~z0.55 and many new trigger biases were discovered, for
Instance, jets wider than the calorimeter aperture would deposit
less energy than narrow jets of the same p; and be suppressed by
the steeply falling spectrum=>jet structure is dominated by the
calorimeter geometry [e.g. see M. DrisNIM 38 (1979) 89]
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100—
g we cvs | calorimeterswith AQ~+45°
o o JEras An~%0.36 (same as PHENIX)
o —-100 X smgte portice the invariant cross section of
i several particles with a vector
L . sum p; iIsmuch larger than a
e/’ . JSu. single particle of the same p;.
bACeV/" | . A The authors took this as
o1f- N\ evidence for the exactly back-
3 B, to-back in azimuth jets of
A\ constituent scattering=>Never
D-Dlg_ﬁ All charged porticle i‘m "\{“ let an interested theorist
F_®_ This experiment collaborate on an experiment.
oool—t—p—L—>——1 1| C.Bromberg et al E260, PRL 38
Py Gev/c (1977)1447, NPB134 (1978) 189
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JET AND SINGLE PARTICLE CROSS SECTIONS

(w,p) Be 200 GeV 8, = 77 mrad

* |n each of 2 back to back




 The first 4t experiment was a bubble chamber(!) 110 GeV/c K- on p
[M. Deutschmann, et al, ABCCLVW collab, NPB155 (1979)307]

Kp — E’,‘ .+ X — Lo X _ _
T ‘ e ® multiparticle cross
single particle - 1 1 _"'E'-'J'c | .
maltiparticle M = I o section for p;> 1.5 GeV/c
o} oesysos | ol TG e | > single particle
| K Dl | | < Dataextrapolate nicely
*I_H o A to those of E260 [8] in
e ' g n ] .
12 7" AN slope and magnitude.
Lo '_g- ; J;E . . . T
u|. °T O | < But principa axis
i . v N analysis of the data shows
& Xl | @ . .
i ; - ! N the vast magjority of
o} “‘-\ . i eventswith large p;
. : | NN\ multiparticle systems DO
ar ] ' . ey ey .
? " | NOT exhibit jet-like
T T R T) e . . . structure.”
I o 1 2 3 4 5
P foeed [ Gevicl
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LO 4 science BROOKHRVEN LHC Jets Trento-Sept 1, 2006  PHZENIX M. J. Tannenbaum 20/93



Full azimuth calorimeter -0.88<n*<0.67 (— NA35, NA49)

1{]‘26 L -

“]-2? -

10728}

40 !r:mszeV]'

dEt

lu‘:’!ﬂ -

T

.m'a-z -

1 ﬂ—3 3

77 y Office of
'{G_ : Scaem::e

m“zg -

pp 300 GeV

e« (@) a0= 2m
x 00 a®=n
o) A®=TYy
E'I"{ECM
~0.88<y< 06

< 135°

e plustriggered in two smaller apertures
corresponding to E260.

No jetsin full azimuth data
*All dataway above QCD predictions:-------

Thelarge E; observed isthe result of

1 “alarge number of particleswith a

rather small transverse momentum” --the

| first E; measurement in the present
| terminology.

{| C. DeMarzo et al NA5, PLB112(1982)173

K. Pretzl, Proc 20th ICHEP (1980)
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8

For more on E; see MJT IIMPA 4 (1989)3377
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From 1980--1982 most high energy physicists doubted jets existed
because of the famous NAS5 E; spectrum which showed NO JETS.
Thisone event from UA2 in 1982 changed everybody’ s opinion.

(q}

(b)
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QCD

Cross Section in p-p collisions c.m. energy +/s

The overall p-p reaction cross section
is the sum over constituent reactions
a+b—c+d
fA(z1), f£(x2), are structure functions, the differential probabilities
for constituents a and b to carry momentum fractions x; and s
of their respective protons, e.g. u(z;),

3 202
= T )P )

»%(cos 6*
dridxodcosO* 3 27129 (cos 7)

>%(cos 0*), the characteristic subprocess angular distributions

and o,(Q?) = 3 m(lgg 772y are predicted by QCD
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do

C
\
C
fix), 1y B .b/ = NCH ~ X obabilities
for const 1 and o
_/

30. ?T(}f2 2
= T f @) () e L)

dridxodcosO* 3 2010

2%(cos 6%)

>%(cos 0*), the characteristic subprocess angular distributions

and o,(Q?) = 3 1n(152; 772y are predicted by QCD

—

Z"ﬁk Scianae BROOKHRAVEN LHC Jets Trento-Sept 1, 2006  PHEENIX M. J Tannenbaum 24/93

U DEPANTRBENT OF FMERD Y



DATA: CCOR NPB 209, 284 (1982)
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DATA: CCOR NPB 209, 284 (1982)
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$9(cos 0*), the chara(-teriatic subprocess angular distributions

and a,(Q?) =
LHC Jets Trento-Sept 1, 2006
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Figure 10 (a) Distribution of cos 0* for hard parton scattering as measured in the UA1 experiment (42). T
normalization is defined by setting the value at cos 0* = 0 equal 1o 1. (b) Distribution of cos 0* for he
parton scattering as measured in the UA2 experiment (43). All the different QCD processes (except for
— q'q’), separately normalized to the data, lie in the area between the two dashed curves. The full line is 1

overall QCD prediction, normalized to the data.

see L. Di Lella ARNPS 35 (1985) 107--134
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QCD

» LHC physicists seem to think that because they have a better
chance at measuring jets than at RHIC due to the much larger rate
and p; range, they may be able to study the structure of jets and
separate medium radiation from normal fragmentation.

 The high jet cross section may not be good news. NLO, NNLO,
NN....NLO may cause lots of multi jets instead of di-jets.

Also jets will be produced by many different subprocesses:

gg—gg gg—ul gg—dd gg—cC gg—bb

With all these subprocesses contributing roughly equally at large py,
the et structure might be quite complicated to understand.
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CDF PRD 68 (2003) 012003} distribution in di-jets
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The energy of ajet is defined as the sum of the energies of the towers belonging to the corresponding cluster.
Corrections are applied to compensate for the non-linearity and non-uniformity of the energy response of the
calorimeter, the energy deposited inside the jet cone from sources other than the parent parton, and the parent
parton energy that radiates out of the jet cone. Full details of this procedure can be found in [25].
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IV. JET ENERGY CORRECTIONS

The transverse energies and momenta in the above
definition (which will henceforth be termed “uncorrected
energy”’) depend only on the energy deposition observed
in the calorimeter. These uncorrected quantities differ
from the true partonic values for a variety of reasons.
Some of these are the result of limitations in detector ner-
formance.

(1) The calorimeter response to low-energy charged

pions exhibits a nonlinearity for momenta below 10 GeV.

(i1) Charged particles with transverse momenta below
~400 MeV bend sufficiently in the magnetic field that
they do not reach the calorimeter. At slightly higher
transverse momenta, the magnetic field can bend parti-
cles outside the clustering cone.

(i11) Particles that shower in boundary regions of the
calorimeter (the ¢ boundaries between modules in the
central calorimeter and 7, boundaries between the two
halves of the central calorimeter, between the central and
plug calorimeters and between the plug and forward
calorimeters) will, on average, have a smaller energy re-
ported than for regions of uniform response.

Others result from fundamental elements of the physics
process.

(iv)] Energy not associated with the hard-scattering
process (the so-called “underlying event”) will be collect-
ed within the clustering cone.

(v) Transverse spreading of the jet due to fragmenta-
tion effects will cause particles to be lost outside the clus-
tering cone.

(vi) Energy in neutrinos and muons, which deposit ei-

A. Central jet response

The response of the central calorimeter to pions has
been measured both in test beams and in situ. Figure 6
shows the measured calorimeter response to charged had-
rons as a function of incident momentum for particles
hitting the center of a calorimeter tower. The figure also
indicates the size of the systematic error associated with
this measurement. Note that the measured response de-
viates substantially from linearity for low incident ener-

BY-

Because the calorimeter response to charged hadrons is
nonlinear, the observed jet energy is a function not only
of the incident parton energy but also of the momentum
spectrum of the particles produced in the fragmentation
process. It is important that Monte Carlo events used in
Jjet studies reproduce the observed fragmentation proper-
ly. We have chosen to use an exact matrix-element calcu-
lation for all QCD comparisons in this paper [12]. It was
necessary to adjust parameters in the event generator to
reproduce the observed jet-fragmentation distributions.

—~—
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p ther zero or some small fraction of their energy in the
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FIG. 6. CDF central calorimeter response (E /p) to pions as a
function of incident momentum. The high-energy data come
from test beam measurements, and the low-energy data (=12
GeV) comes from isolated tracks in minimum-bias events.

D. Uncertainties in energy scale

The dominant systematic uncertainty in the central jet
energy scale results from the uncertainty in the single-
pion response when convoluted with the jet fragmenta-
tion function [15]. The uncertainty in single-pion
response is indicated by the dashed lines in Fig. 6. The
uncertainty in the central energy scale for jets can be ex-
pressed as a 40% E, -independent term, plus an E, -
dependent term which can rise as high as 7% at low E,
(=25 GeV). The E, dependent part of the uncertainty re-
sults from both the uncertainties in the jet fragmentation,
and in the shape of the low energy part of the single pion
response. The E, independent part of the uncertainty
comes from two main sources. The first is our ability to
properly model the variation of the single-pion response
over the face of a calorimeter tower. The second is from
the agreement of test beam and in situ calibrations for
pions of the same momentum, which provides a check of
the reproducibility of the energy scale calibration.

C. Underlying event and clustering corrections

The underlying event is the ambient energy produced
in hadron collisions associated with the soft interactions
of spectator partons. The energy from the underlying

elcetera...
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The measured crosssection isin agreement with NLO pQCD predictions after the necessary nonperturbative
parton-to-hadron correction sare taken into account.

A. Abulencia, et al, CDF PRL 96 (2006) 122001-k- algorithm

—

Z@i‘%ﬁﬁﬁfg BROOKHRAVEN LHC Jets Trento-Sept 1, 2006  PHEENIX M. J Tannenbaum 31/93
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v PRLgl (2003) 241803 3 1'3_1%— PHEJ'.VIX RHHS, Pl"ﬂhmlnﬂl}’
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Nuclear Modification Factor-Min Bias

dod4(pr)/dpr

Raa =

(2 x A) x do¥F (pr)/dpr
N 1 [ F5 (IT) g (mT) A 2
Haa ™ 2 (AFjp(mT) <A§p($T)> =R (xQ)

Eskola, Kolhinen, Vogt hep-ph/0104124

. B 1.3 e
S | 12} :LHC: RHIC 1
16— i - L1 A= 208 V. +
i R : 10000:Ge V7. = |
1.4 } ’T‘ I <10 -_ # -"‘/f’/ t
g L Lm Sop i el -
0.8/— I.[ INE J | j n:m 08 = - e ’ I -
— .L_!.J_ 1 = - it £ o
0.6} [ —1 0.7 =S < Q=225GeV"
0.8} | [ 1 ] N i i £ B T
sl o | 0.6 — | L S -
4 - ; d+ﬁuIFHENIIx Fr'elllmfrlarjlr | . IO": ]04 ]0 %+ IUI+ ].U 1 1
] 2 4 & g 10 12 14 16 18 20
4 100 X T
g : R = X (RHIC) p; (LHQO)
Consistent with 1 =» No modification within the error Br it
0.02 2GeV/c 60GeV/c
This is first measurement of ‘EMC effect’ for gluons 0.002 0.2 GeV/c 6 GeV/c
———
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-~ new HIJING

BT R A
Predictions from CERN-Y ellow-

X

RHIC

LHC Jets Trento-Sept 1, 2006

* For pp make sure to run at
900 GeV and 14000 GeV.
Interpolation +QCD might be
adequate to believe 5500 GeV

LHC could be the CGC
factory. R (x,Q?) not known
for any A or any x or Q2.
Forward d+Au measurements
at RHIC will be useful.

Need d+Pb or p+Pb runs at
Vs =5500 GeV, unless
direct y are not suppressed in
Pb+Ph. Direct y much harder
at LHC than at RHIC

—
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Turbide, Gale & Fries, PRL 96 (2006) 032303 predict that if jet(parton)
suppression is due to g+g-->g+q (+g) in the medium then the reaction
g+g--> y+q should create a source of direct photons proportional to the
distance traversed through the medium-fewer on the mid-plane more
vertical, the opposite of ni® and other hadronic jet fragments

G e T e

s N-N+ jet-frag. |
— direct ¥

0.06

= direct y (no E-loss)

0.04 - 1

= § %
0 ——
0.02F -
-0.04 0-20 % - 20-40 o
1 | | | | i | i | ] | | i | i | 1 | i | | 1 | 1 1 ] ]
1-1*1(1753—15(1?U?'
Pr (GeVl/e)
P> .= Office of e
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pp, dAu, pPb, AuAu, PbPb — yX CTEQSM BFG setliM=u =M, = p,
pp, dAu, pPb, AuAu, PbPb — n°X CTEQ5M KKP M =u =M, = p,

e v/7® much smaller at LHC
compared to RHIC. =
Measurement with real
photons is much harder

use external or internal
conversionsto low mass efe
pairsfor pr <5 GeV/c
(contains ° and all other
decay photon)---nice
measurement of hadron v,>0

| | | | |
A \s = 200 GeV AuAu EKS98 Eloss .
] \s = 200 GeV pp 5

0 \s = 200 GeV dAu EKS98
\5 = 200 GeV dAu EKS98 A"

—
RN

3

=
|

NLO Theory 7/NLO Theory r°

| I 1l

e e 7 e compareto low mass ptyr
o0 . . . 0
= \§ = 5.5 TeV PbPb EKS98 Eloss - pal r_S’ which have no &’ and
v \6=55TeVpp 1 minimal n and should have
10 o osorvemekse 1 Vp<0if medium regeneration

| I I I I [ I I B ) theorylscorrect

10 10

p,; (GeV/c)

CERN Y éllow Report-hep-ph/0311031

== Office of

DEPAN

. Science NATIONAL LABORATORY
TREEST DF ENERG Y

LHC Jets Trento-$

Opposite v, for ee and pp would
Indicate dramatic physics without need

to know all the backgrounds in detail




Correlations
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* Due to the steeply falling power-law spectrum of the scattered partons, the
Inclusive particle p; spectrum is dominated by fragments biased towards large z.
Thiswas unfortunately called trigger bias by M. Jacob and P. Landshoff, Phys.
Rep. 48C, 286 (1978) although it has nothing to do with atrigger.

d?o ., (P, 21) do,

2 = —= x Di(z) Fragment spectrum given pr,
detdZt deg
A
= -1 X Di(%) ower law spectrum of parton prp,
T3

let pr, = pr,/2¢  dpn/dpn |y = 1/ 2
rizr:rw(prt, 2) 1 A

- X D,?T Zt
d}‘?ﬂdzt 2t (pn/zt)n—l ( )
A n—2 Fragment spectrum given py, is
- on-1 °Di Tt
N }'-’?%_l x 2 Dx(z) weighted to high z by z"2
f

where Zimin|p;, = Z7; DY(z;) = Be %
P>==5" Offic. ! =
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p.S.- The same math shows that surface biasis
Identical for Jets and single particle triggers

» As for RHIC energies, Ry, at LHC will o
give lower limit on transport parameter.

» Reason: Surface and trigger bias

» We can reduce the trigger and surface bias

by studying reconstructed jets and increase
sensitivity to medium parameters.

—¥

= Using reconstructed jets we can study
directly

Modification of the leading hadron

Additional hadrons from gluon radiation
Transverse heating.

A. Morsch HP 2006

| 7 Office of
~4 Science

U DEFANTRINT OF FMERDY

I.e. | don't agree if jets fragment outside
of medium which they must by
Quantum Mechanics

MJT simplistic calc for a uniform opague medium
(x=fraction of energy lost from center to surface<l):
Raa(x=1) =1/(n-1) or 1/(n-2), n=8.1 RHIC,

LHC n~6.5= less suppression! ? Corona Effect?

To theorists: please improve my result.

;;;;;;;;;;;;;;;;;

o~
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dQO'ﬂ'(ﬁTt: Zt) _ dgq
dﬁTtdZt dﬁﬁ

X D?T(Zt)

Also detect fragment with z, = pr,/pr,
from away jet with pr, /pr, = Zp,

dSO.ﬂ'(ﬁTt) 2 Za) o dO'q

— x DA x Di(z,
dprdzdze  dpr w(2) X Dr(za)

, _Dbr_ pr, _ Zpn,
Y pr, Iwpr  Ewpn

do 1 do, 20T

1 = — Di(z) D (—=

() dpr,dzdpy,  Tywpr,d(pr/z:) ) ﬁ(-iUhth

W= Office of W =
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CCOR, A.L.SAnNgelis, et d
Phys.Lett. 97B, 163 (1980)
PhysicaScripta 19, 116 (1979)

P > 7 GeV/cvspy
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0 : £ ~/"~N_|] CCOR, A.L.SAngdlis, eta

"= PhysLeit. 97B, 163 (1980)

NN J—— PhysicaScripta 19, 116 (1979)
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75,

38 R.P Feynman et al. [ Large transverse momenia

1 FFF Nucl.Phys. B128(1977) 1-65

P prpoby+hieX 8,=00°
[ W=104 GeV py(h,)=40 |

0 - Bmwt g
10 k'_ . et son]
T
107!
&
., -
Zz 1072
-
i
€ 1077
=
=
=

[
[=]
=]

Fig. 23. £omparison 0[ ﬂ'u: 70 and jet tngger away-side distnbution of charged hadrons in pp
colhisions af = 90°, and p; (tngger) = 4.0 GeV/c from the qu

tering model. The upper figure shows the single-particle (#?) tngger results plotted versus

Ip = pﬂh MWe| (=9} and the jet tngger plotted versus z 2~ ptfh ¥py(et) (see table 1). In the
lower figure, we plot borh versus zj, where for the jet tnggerzy =z ] but for the single-particle

Ingger 2y = (2,)2p. The away hadrons are integrated over all rapidity ¥ and |1 BO" - ¢ < 45°

“Thereisasimple relationship
between experiments done with
single-particle triggers and those
performed with jet triggers. The
only difference in the opposite
side correlation is due to the fact
that the ‘quark’, from which a
single-particle trigger came,
aways has ahigher p, than the
trigger (by factor 1/, ). The
away-side correlations for a
single-particle trigger at p, should
be roughly the same as the away
side correlations for a jet trigger at

p, (Jet)=p, (single particle)/

<Ztrlg>

and the theory s calculated using (k g = 500 MeV. # hy =20, x hy = Jer.
WFITIL= T

' Science BROOKHAVEN LHC Jets Trento-Sept 1, 2006
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Figure 21 Jet fragmentation functions measured in different processes : v-p interactions (open
triangles, Van der Welde 1979); e "¢~ annihilations (solid line, Hanson ¢t al 1975); and pp
collisions (full circles CS, pr < 6 GeV/c, open circles CS, py > 6 GeV/e, full squares CCOR, py
> 5 GeVY/c, open squares COCOR, py > 7 GeV/el

b | | I I I I

B
1T
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Figure 19 The slopes b obtained from exponential fits to the jet fragmentation funciion in the
interval 02 <z =08 in e%e” annihilation (full circles) and LPTH data of the BS
Collaboration {open circles).

Figures from P. Darriulat, ARNPS 30 (1980)
159-210 showing that Jet fragmentation
functionsin vp, ete and pp (CCOR) are the

same with the same dependence of b
(exponential slope) on “g”

—
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Following FFF and CCOR PLB97(1980)163-168 we were trying to
measure the net transverse momentum of the di-jet (V2 x <k;>)

t .
jT Trigger %T' %T T ¢ J T
JET ¢ — o TPy sind
\‘:\/ "*-»..._‘“ __J kT
Xe Py ) kT
(z(kp, xn)) \/ (k7) 1 pr, . pr,

= — ./ (P20) — (J3 1 + 22 Lh = Th = —
ﬁll(kT:«;Ell) T, <p0ut> <]T‘;>( + Tlf) | L pT, L pr,

* |7 Is parton fragmentation transverse momentum

* K+ Istransverse momentum of a parton in a proton (2 protons)
Xe=-Pr* Pr/|Pr|* represents away jet fragmentation z

* Poyt 1S COMponent of away p; perpendicular to trigger pr
We needed <z> to solve for k;. Tried to get it from Xg dist.

=" Office of ¥ =
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After many convergence difficulties, two vastly different fragmentations Functions tried=No
effect on calculated x¢ distributions---Mike, can you check this analytically?!

P=5 Office of _-HT"F-_
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P 1 1
~ n—1 -
d.’I;'E <Tn> (n )I%h (1 + ;—?)n

PTt

<m> isthe mean multiplicity in the jet, n isthe power of the p, Spectrum
= The X spectrum scales in the variable X /X,

p

T,pair

—pr, cosA¢  pr,
TE — =~

—>» Ip ==
P, P, P,

Measured ratio of particle pr,, pr; = Ratio of jet transverse momenta

F"ﬁ‘ Office of - =5
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1,000 (T 1
2 - fy) =
\
N, : (1 +y)*!
L\ il
\ _
0.100 = k - - $E - y
¢ E B\ -
S C A i
;0 5% } )
8 I:\ ““““ rp =Tpy = 0.8y
0.010 — £I~ ==
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nb: vertical scale labels on this and similar plots should be multiplied by 10
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Corrected for acceptance 0.8 e
0-s_l""l""l""l"' rTrTTTEETT o ! 1.4 ! I I
i : s .4<p_<5.0 GeV/c ]
i 3.0 <p,=3.22<3.5] 0.7 « Near-side o,, data —
0.4 with 1.40-500 | . = Away-side ¢, , data -
O . 0.6 i — pythia k =3.0 GeV/c-
— : =2.0 GeV/c ]
zls 03 It :
Ol B - B
g i 0-4—- FI‘ =
- = <« 5
= 0.2 bz 0.3- ; =
I 0.2~ =
0.1- -
- 0070, 0.1- 3
i L
DFl.L..I.-..I..-.IHu T | 0f|||1|lljlllj,,,,,,,:,,,JL,,J,..
-1 0 4 5 1 2 3 4 5 6 7 8 9

1 2 3
A¢  [rad] P, [GeV/c]

oy « {jr) jet fragmentation transverse momentum-measure directly
(j3) = 585 £ 6(stat) = 15(sys) MeV/c

or « (k) parton transverse momentum-more complicated.

—
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(k2.) = 2.68 + 0.07(stat) + 0.34(sys) GeV/c

4 T T T T T T T T T T T T | T T T IIII|

o' Dimuons |
/4 6 = Dijets i
3 PQENIX T/ v o [ * Diphotons
° . 1/4 > [+ PHENIX
2 N O al _
g-— 2- ] i i
&F o ISR | g T
;!:- I A A : F 2 I J* |
T : - e 2r ot -
I | i *. Cﬁb
T a Ns=63GeV 7 i ng‘oﬁﬁ
| = \s=200 GeV 1.4<p_<5 GeV/c i s T ]
00' . |2|II I |4|| . Iél I Isll ! |10 0 IIII| | IIIIII| | IIIIII| |
GeV/c 10 10? 10°
Pr, ) \s [GeV]

(PT) pair = 336 £ 0.09(stat) £ 0.43(sys) GeV/c

Main contribution to the systematic errors comes from
unknown ratio gluon/quark jet => D(z) slope.
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- LO p+p y=0 | PHENIX vs=200 GeV
10° | -
(h*+h")/2 Js = 5500 GeV < 2> .
| — + 2
o . e kr)=7.2+1.8 GeV/c
2 107 | .
P - - Hmmm!
E. 10° - .
S I ]
N_g s % %
= 10 - <k,’>= 1.8 GeV®
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1077 LTS
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Application
2-particle
correlations In
AU+AU
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Co(Au+ Au) =C,(p+ p) + A* (1+ 2v,(pr )V, (Pr,) COS(2A9))

>
= 03—
P STAR 200 GeV [A 1 |<1.4
2 S | | o 60-80% Au+Au
=
Q — flow: v2 = 24.4%
9 E 0.2 —— pp data + flow |
o Z ' i
T S
- a
o g
= & 0.1
© o
c
s Z
O - 0 —
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
-3 -2 -1 0 1 2 3

A ¢ (radians
STAR-QM2002-Hardke 4< p,< 6 GeV/c 2<p;.<pr
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Co(Au+ Au) =C,(p+ p) + A* (1+ 2v,(pr )V, (Pr,) COS(2A9))

=
= o~ i STAR 200 GeV |A 1 |<1.4
o o
G i + « Central 0-5% Au+Au
QO g’ —flow: v2 = 7.4%
—_ = YU —— pp data + flow
A Z |
© t’m
-
Ll
o
et L
© o-
C
8 2 4
- L
_l 1 1 1 ] | 1 ] ] ] | ] ] ] ] | 1 ] 1 1 | ] ] 1 ] | ] ] ] ] |
-3 -2 -1 0 1 2 3

A ¢ (radians
STAR-QM2002-Hardke 4< p,< 6 GeV/c 2<p;.<pr

—

—==" Office of
Z‘Qﬂ U Scivkice BROOKHRVEN LHC Jets Trento-Sept 1, 2006 PH ENIX M. J Tannenbaum 71/93



— p+p min. bias

*  Au+Au central .
e d+Au FTPC-Au 0-20% .

0.2

1/ Ntrigger dN/d(A9)
=
(- —
N I%: I T T | T T T [ I _'

™ Ao (radians)

STAR-PRL91(2003)072304 4< p;,< 6 GeV/C 2<p;,<pr,

Also serious issues with exact v, to use, and exact background level

P=5" Office of _--"".""F-_
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PRL 93, 252301 (2004) STAR J. Adams, et al.,

g 1 .
T 1 o=  centrality 20-60%
E £ = -
Z 0_8._ D, 0everes . '_.1.‘--“'}-};':- q
5 L T B Sl E L - . W “"’I:.{, oty
L 4?'&';; T o - #ih‘. - . : Al ':-‘};’ v ]
E§ 0-6 :(r ) 3 B oL ST L - '-...‘."' **"'"I'.“" o -I-'L:-.'.;F‘:
™ 0 |4 - - T T T
| — PP | .

* Au+Au, in-plane
* Au+Au, out-of-plane

=
M ¥
I

et

Jet energy |oss depends on path-
length through the medium

1N, gor IN/A(AG)-flOW
o
¥ ﬂ v v * wb

A ¢ (radians) Methodology of J. Bielcikova,
S.Esumi, K. Filimonov, S. Voloshin,

4< pr< 6 GeV/c 2<pr,<py; JP. Wurm, PRC 69 (2004) 021901(R)
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0ol * HAUFTPC-AUD-20% 1 af. ® d+Au FTPC-Au 0-20% (preliminary)
= 0 . = 3 _ ]
- - — p+p min. bias *Ln - . — P+P
% - ‘ PP A - 2 | % AusAu0-5%
> - * Au+Au Central . S ol 7
o Z 2
5 T |
g 5 [
Z s
- E"" -
- 0_
u | l |
R 0 : 4
A ¢ (radians) A¢ (radians)

STAR-PRL91(2003)072304 STAR-PRL95(2005)152301

4< pr< 6 GeV/c| 2<pr,<pr; 4< pr< 6 GeV/c| 0.15<p;,<4 GeV/c

Xp=Prd/ Pr~0.5 Xp=Prd/ Pr~0.04
- —
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STAR, J. Adams, Fugiang Wang, et al PRL 95, 152301 (2005)
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X /X,
4: il | T [ |
Lo = Sk TS e por ap-ny: =
E t‘j‘\ A STAR+ PRL9S AuAu 00-05 “:_ p+p data*06 flt* 10 Xh :10
0.1000 = -| | AuAU40-80 | data*0.6 | fit*1.75 )A(h =0.75
s F = .
g = N 7| | AUAUOO-05 | data*0.6 | fit*4.0 X, =048
g {J.umng f . ff
"B - Away jet pTa/t_riggerjet Pr (Xh)_
B | | decreases with increasing centrality
= ¥ consistent with increase of energy
I A loss with distance traversed in
0.0 0.2 0.4 x:ﬂ.ﬂ 0.8 1.0 maji um

STAR, J. Adams, Fugiang Wang, et a PRL 95, 152301 (2005)
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8 < p4(trig) < 15 GeV/c

STAR nucl-ex/0604018

d+Au Au+Au, 20-40% Au+Au, 0-5%

X
>

= Pra/ Pr

~0.375

0.3}

0.2}

9> (oosse)'d>p > (oosse)'d>¢g

~0.75

g < (oosse)'d

n R

Ao (rad)”

Remember, charged hadrons are anomalous for pr< 6 GeV/c
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d+Au Au+Au, 20-40% Au+Au, 0-5% Near slde, IA¢l < 0.63 hwa‘y slde Ad - nl < 0.63
L) L T L] T T L L T T T | | T T

w oo 4 d+Au min bias
_g E’1__ 1k ‘E‘ O Au+Au 20-40%
= 9 1 I ¢ Au+Au 0-5%
0 .
g 114 T F= ]
A . .
1 .
0.15} jA W k El3 RSN &
2|2 s i il Sy T
3 o 1@ [ % I . ]
7 & | ; 1 T,
0.05F B i .%,
@ s e
o | & ! Il
-jﬁ‘ N l 1+] 1 1M
E é 1 I. }
0.0'5' ES -5 Q B %} ‘E ] ] % % .
v : | ; _
=] i o ] % '1IJ % i
- i - | I I -
; ﬁd}{rad) " 0 PN TR NN TN TN TN AN SN SN SN NN NN N o b oo by o by

0.4 0.6 0.8 1 0.4 0.6 0.8 1
z; = p (assoc) / p, (trig)

8 < p <15GeV/c <p;>=9.38 GeV/c Thanksto Dan Magestro for table of data points
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| find that STAR(nucl-ex/0604018) differsfrom
STAR (PRL95) in normalization and SHAPE

IIlIIII'1|IIIl|I'IIIIIlII |||||| I"“'I"‘"I""l""l'i |.‘Fl|IIiI'llIII-llrlllIlllIIll
0000 = ooty = 0000 = STARe PRL95 AuAu40-80 = 0000 = bl el Mg R =
= M o aa = = STARe 0604019 AuAuZ0-40 —| = - -
= S —% x = = =
L » - L - I -
= . = - - - _
,1000 = & = 1000 — X = L1000 = 4 =
= % = = = = =
r = % = - x - = -
g E 5 18k ? 18 E . =
E — % 15 B E it
= — - = — [] — = — - —
T E{i% =}
L bl — — el — o
G = =N = = B = . =
< - = - L 5 05 = s} =
L i — s l— é )
- < L - - 3 _
&
00010 |— - 0.001 = — 0,001 = ol =
S (S PO o T S I I DU D B W [ PO L T
2 0.8 0 0.0 0.4 0.6 2 0.6
Xz X Xz

nb: vertical scale labels on these and similar plots should be multiplied by 10
STAR* 0604019 label should be STAR* 0604018
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S Gaa sl T et e s Caaa B BARREBARES RARAS RARAE RAREE R SRS RE AT SR BEGEN Dt kb
e s g T WOWE M mew o dewp L O e haoroies 3
Ef * E L ' ] E 5 E
0,1000 | Ty E 0.1000 = -':! = 0.1000 = * =
|-~ 5 . — o = T = =
] - TE -] — x = ~ - =
E = % I % — & : [ " - s s 1 i —
= T 2 13 1t 3 15 T ¥ i i
% 0.0100 | p I{ ‘J[' = £ oo100f= i 0 = £ oo100f= i =
i E 3¢ E I "% €
0.0010 (= = 0.0010 j= = 0.0010 |— A =
0.0001 o —— 'nia' - 'ulll - ’u!ﬁ' = lnjgl - ',En' ' 0000t 'aFa' . 'aL. - 'n!s' . 'n!al . '|Fn' ' i N 'u.pzl . 'u!4r - 19!5' . 'u!s' . '|.lu' I
If thisisareal discontinuity in the x¢ distribution it could indicate
softer away jets that interact and harder jets that have punched through
— 2 R
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Tangential emission

We must carefully map out how this effect depends on p;, and py,
and particle type and angle to the reaction plane...

P>=5" Office of -
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2.5 < Pryrigger < 4.0 GeV PHENIX

Status at QMOS5: PHENIX PRELIMINARY 1.0 < Pr assoc < 2.5 GeV  PRL97(2006)052301
| 2.5-4GeVic x 2 -3 GeVic, All Charge | o
E 0.07__ P Centrality: 0-10% I?:i‘j;_- : {8) 0%%—5% =t b Ea—10r
E entrality: 30 - 40% x 0. s 5
ﬂ 006:_ B Centrality: 30 - 40% = 0.33 ﬂﬂ;i__
- 0.05; ®  Centrality: 60 - 92% x 0.048 ;’j 'n_::m 5 ‘ S
0.045 o
- 3
0.03F =
0.02- §
0.013 g y i _ i
2 past ) 40r-60% i 1) 60%-00%
05 5
-0.01:_I L | L L L L | L L L L | L L L L | L L L L | L L L L | L L L
-1 0 1 2 3 4
Ad(rad) 0 05 1 15 2 25 9 05 f 15 2 25
Ao (rad) A ¢ (rad)
Strong away-side broadening seen at low Py ¢,
Is there a 'dip’ at the away-side?
Conical emission: Mach cone? Cherenkov? Other mechanisms?
Also note: systematic uncertainties should not be disregarded
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| " 0-5%
I 25-4x1-25GeVic |
_31.!:‘2-
5 | s clear variation of correlation function and phase
C PHENIX Protiminary and magnitude of v, with angle to reaction plane
=1 (4] ;Q{radz:' 3 9
@
s
=8
S'— 5 4 ) .j b t ' = = ¥ :: 3.2 o ::::I::::l::::: B B S B
3 : .
2 o4 PHENIX prelimi

Ao (rad) - Ab (rad) _ Aé (rad)
- T
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Correlation Function

T
0-5%
25-4x1-25GeVic =

1.05

Out plane

C(A0)

PHENIX Preliminary 7 In plane
J.l]lJ.-J.IJ-J-'-J-J.lI.llII.lI.-tll._
-1 1] 1 2 3 4
Ao (rad)

Jet Function corrected for v,

» Shoulder and dip of wide away |et
seen in al bins

* The dip issignificant for bin 4
where the v, systematic issmall

1/N,,, dN/dA
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2.5< pT,trigger< 4 GeV 6 < pT,trigger< 10 GeV

7~ [Tr T ffrrrrrrrrrrrrrrrrrrrrrrern L B LI BLEL R RN R R |
< o
2 | STAR preliminary 1 < Prassoc < 2.5 GeV STAR preliminary |
g 0-10% - -
1
O m AuAu
$0.5 o dAu
[=)]
2 i
- 0.5
F d
E
opP 0

Systematic study of intermediate p; 555, Under way
Broadening persists to higher py y e DUt NOt ‘dip’

What happens to the away-side at intermediate p;?
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| nteraction with medium?
Where does the lost energy go?
Mach Cone? Ridge?
If 1t 1ISamedium effect ook at
particles with velocity of the
medium
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Yo~

Near-Side Long-Range
An Correlation: the Ridge

Au+Au 20-30%

a) Near-side jet-like corrl.
+ ridge-like corrl.
+ Vv, modulated bkg.

b) Ridge-like corrl.
+ Vv, modulated bkg.

c) Away-side corrl.
+ v, modulated bkg.

STAR-HardProbes 06

Ad
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= 3< Pt rigger < 4 GeV and Piassoc. > 2 GeV
<I\
<o 0.2r
<] i * APp(J+R) method
>~ 0.18
=) ! = A¢p(J) method
Q0 D.1Ef_— * An(J) method
> R ) . -8
0.14— g
& —— s
- P
012 g o
0_1;'_— f.--""f . -
0.08— i "
£ —.— = ] '
ﬁ.l.'lni"_—'-l" e =] * = - v
0.02
ui_ll-ll-||-||-|||||-|||||||-||-||-|-||--
0 50 100 150 200 250 300 350
Npart
*-
=5 , Office of
(ﬁ < Smence ﬂﬁl’!.".‘ﬁﬂﬁﬂ

LHC Jets Trento-Sept 1, 2006

yield of associated
particles can be separated
Into ajet-likeyield and a
ridgeyield
v~ Jet-likeyield consistent inm and ¢
and independent of centrality
v/ ridgeyield increases with
centrality

M
al @) =

\
Ad

—
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Conical Flow vs Deflected Jets
STAR 3 particle: Given atrigger, plot plot ¢, vs ¢, for 2 away particles

i T%' §§i 9 is\liﬁ Preliminary
S ‘58 HP2006=QM2005
c =

3}

k) Central Au+Au

9 g 0-12% triggered

ZYAM/Purdue normalization
3< pT,trigger <4 GeV
o -

0 0 s
© o @
© o @

Not obvioudly the best projection-difficult to under stand
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Method being developed in PHENIX-Better Projection?

Trigger _ _
A Cone simulation

__________ _ Combinatorial
=TT ——P3 Associated background

b

= e

Tl
AL

L More strength A$=180° swamped?
MOt'Vf"_t'on" at A¢ =0 for deflected
cone ‘lives’ at
constant 6

i\
AN

Cone is not back-to-back with trigger in 3-space
Must distinguish hollow from solid moving cone

~ VanLeeuwen-Ajitnand-HP2006
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PHENIX Acceptance

PHENIX Preliminary
Ap=0

Cent: 0-5%

Uncorrected,
no v, subtraction

Middle of
Long Learning Curve

If-l-II“.‘|}'I"‘;'|II|||‘?'

N.N. Ajitanand’s Hard Pro@;ZOOG
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Frankly, until we figure out all these
unexplained results at RHIC in the
0.1--10 GeV/c range, |'m not very
Interested In ~100 GeV jetsat LHC

nor do | expect much influence of the
medium to be observable
at such large p-
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My parting advice

A big lesson learned at RHIC was
that flow or anisotropy with respect
to the reaction plane isamajor
complication to jets (via 2-particle
correlations). Most likely it isthe
same for jetsat LHC. Then thereis
theridge and .... Expect anew long
learning curve.
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Backup, Extras,
what couldn't fit
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3 _o=_ centrality 20-60%
Z 0.8+ - Y Lot
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g 0 il Tegas®

PHENIX Preliminary
Include v, only
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[ MESON TRIGGER BARYON TRIGGER ]
Al Au+Au 1
_:-G-E"fo 15-10% ©10-20%1020-40% ¢40-60% »60-70%]
r4 - ; ]
e P g 1t a8 e o M
2_ o - =] '.'-'--='.“ - _. ® _|
' 1 j
: 10 WO 1
ul I 0 , SR
I-._|— -I B [ - IJ :'__‘ 1
i oF ¢ D
Pone _++¢m* gt
D‘uuhlﬁulu-ll-:]uul“lIl!.l]ll!J ||II:|JI||II|JI.I.|IE'|‘
[},2'.' d+Au T p+p :
VN | S Iii .....--:;-_ (Irig L_erlinlmnll l]
i) 3...000

005 1135 225 3

PHENIX PRC 71 051902 2.4<p.;<4 GeV/c 1.7< pT <2.5GeV/c

S T 182 55 5
Ad (radians)

) T
@ = —
o
3 i Ne ar 5|de ]
@ .05 & + * _
= i- S
L1 ]
0f— ]
i * meson triggers, AuAu
B baryan trrggers Audu
¥ 1171|510 5 e el T O
5 R B S mo o
on - . -
& i Away Side o meson triggers, dAu b
s - 1 baryon triggers, dAu
5 i charged hadron triggers, pp -
> 0.05|— ]
o § : £ 3
0 _
......................................
0 [0} 0 3000
Npm

Trigger mesons and baryons in the region of the baryon anomaly
both show the same trigger (near) side and away Side jet structure.
This‘kills' the elegant recombination model of the baryon anomaly
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8 < p(trig) < 15 GeV/c

STAR nucl-ex/0604018 ﬁ;\'}?

Au+Au, 40-80%, away-side

Au+Au, 0-5%, away-side

0.1f

0.05|

0151

6,,=0.25+0.03

6,,=0.20+001

- . RA
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away-side widths ssmilar for
central and peripheral

Away-side width INCREASES
: with increasing p;, 72!
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Normalized data with PRL95 curve
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STAR 0604018 AuAu central flatter than
PHENIX 0605039 p+p for x=>0.5!
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Norm (data) Norm fit  hatx_h
Data*0.6  Fit*0.500 1.300
Data*0.6  Fit*0.350 1.200
Data*0.6  Fit*0.300 0.850

Can still fit, but curvestoo flat x,>1, but still decreases with increasing centrality
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PHENIX, PRC 73, 054903 (2006)

SRR AR R TS RS B R B B B T B ES B R B B A
1 —e—5<p;,, <6GeVic T " ——8<p, < 10GeV/c -
L 10 L (& —a— 6 <Pr i< 7 GeV/c Aot —— 10 <Prig< T2 GeWc__
> E L o 7<p,,.<8GeVic |l —« 12<p <16 GeV/c]
-u - i % Jrig ] : Arig -
= L Near side Far side
©
— 1 =2 =HE L —
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I s S N (Y e I % O | e S A R A I__ T I A [ S J L 1 1 |_
0 02 04 06 0.8 0.2 0.4 0.6 0.8
xE,near xE,far
 Beautiful p+p and dAu results with pTt in STAR punchthrough
range.
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* Nice *fit’ of 1/(1+y)"~8iwithx g = Zp, y to PHENIX hep-ex/0605039
and PRC73; and STAR PRL95 x. distributions. But STAR nucl-
ex/0604018 d+Au much flatter than PHENIX d+Au PRC73,054903
(2006)

* Both STAR Au+Au measurements show a decrease in the ratio of the
transverse momentum of the away jet relative to the trigger jet with
increasing centrality. For both data sets X, decreases by a factor of ~2
from p+p (dAu) to Au+Au central collisions. Much more info than | ,,.

*New STAR "punchthrough’ data has much too flat shape, an apparent
sharp break, and disagrees in normalization with STAR PRL95.

» Comparison of two STAR data sets would benefit by going lower in p,
(z;) for the data of nucl-ex/0604018 to see whether slopeisreally
steeper at low z, with dramatic break and (unreasonable in my opinion)
flattening of the z; distribution for z; = 0.5
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CGC?
‘Monojets’ In d+Au?
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From MIT 2005
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<Z,;;>=0.85 measured
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* Independent of pr,

See M. Jacob’stalk EPS 1979 Geneva
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 The only dependence on the fragmentation function isin the
normalization constant B/b which equals <m>, the mean multiplicity
In the away jet from the integral of the fragmentation function.

The dominant term in the x¢ distribution is the Hagedorn function
1/(1+zg/¢n)" sothat at fixed py, the x¢ distribution is predominantly
afunction only of x. and thus exhibits x¢ scaling, as observed.

The reason that the xg distribution is not sensitive to the shape of the
fragmentation function is that the integral over z in (1, 2) for fixed p,
and p., isactually an integral over jet transverse momentum pr:,.
However since the trigger and away |jets are always roughly equal and
opposite in transverse momentum (in p+p), integrating over pr.
simultaneously integrates over pr,. Theintegral isover z, which
appears in both trigger and away side fragmentation functionsin (1).
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